Acetolactate synthase from spontaneous mutants of tobacco (Nlcotlana tabacum; and cotton (Gossypium hirsutum; PS-3, PSH-91, and DO-2) selected in tissue culture for resistance to a triazolopyrimidine sulfonanilide showed varying degrees of insensitivity to feedback inhibitor(s) valine and/or leucine. A similar feature was evident in the enzyme isolated from chlorsulfuron-resistant weed biotypes, Kochia scoparia and Stellaria media. Dual inhibition analyses of triazolopyrimidine sulfonanilide, thifensulfuron, and imazethapyr versus feedback inhibitor leucine revealed that the three herbicides were competitive with the amino acid for binding to acetolactate synthase from wild-type cotton cultures. Acetolactate synthase inhibiting herbicides may bind to the regulatory site on the enzyme.
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MATERIALS AND METHODS

Chemicals
All ALS inhibitors used in the present study were either obtained commercially or synthesized by DowElanco chemists, Walnut Creek, CA. Pyruvate, DTT, TPP, DMSO, Val, Leu, Ile, (NH4)2SO4, 2-naphthol, and creatine were purchased from Sigma Chemical Company, St. Louis, MO. The media components of tissue culture were purchased from Gibco Laboratories, Grand Island, NY.
The three chemical families of highly active herbicides, namely, TPs' (3, 19) , SUs chlorsulfuron and thifensulfuron (7, 12) , and the IM imazethapyr (6, 9, 18), are potent inhibitors of ALS. This enzyme catalyzes the condensation of two molecules of pyruvate or one molecule of pyruvate and 2-ketobutyrate to form acetolactate or acetohydroxybutyrate, respectively. This reaction is the initial step in the biosynthetic pathway for the production of Val, Leu, and Ile in plants and microorganisms. The structures of these three families of herbicides are shown in Figure 1 .
TP is a mixed-type inhibitor of ALS with respect to both pyruvate and TPP (19, 20) . The compound has nearly equal affinity for free as well as ligand bound forms of the enzyme. The binding of SU (16) Wild-type cultures of tobacco (Nicotiana tabacum) and cotton (Gossypium hirsutum) were routinely maintained in MS mineral medium (10) supplemented with 3% w/v sucrose, 0.5 mg/L thiamine hydrochloride, and 0.4 mg/L (tobacco) or 4.0 mg/L (cotton) 2,4-D. Mutants of tobacco and cotton were selected for resistance to TP as described previously (21 (21) . ALS was precipitated at 50% saturation of (NH4)2SO4 from the crude extract and used for assays immediately or stored at -70'C until further use. Crude extracts of excised shoots of Stellaria and Kochia were prepared by homogenizing in a Waring Blendor with 20 mm potassium phosphate buffer, pH 7.15, containing 1 mM DTT and 5 mM MgCl2 for 20 s. The extract was filtered through several layers of cheesecloth and centrifuged at 100,000g for 60 min. The clear supernatant was precipitated at 0 to 33% saturation of (NH4)2SO4, and the pellet collected by centrifugation at 30,000g for 10 min and used for ALS assays. The enzyme was assayed colorimetrically as described previously (21) by quantitating the amount of acetoin formed from acetolactate, using creatine and l-naphthol (22) . Stock solutions of inhibitors were prepared in DMSO (10 mg/mL) and diluted in Tris-HCl buffer, pH 8.3, prior to addition to the reaction mixture. All kinetic constants were determined using Enzfitter software obtained from Elsevier-Biosoft, UK. 
RESULTS AND DISCUSSION
Effect of Valine and/or Leucine on Mutant Enzymes
Both Val and Leu (end products of the ALS pathway) inhibited wild-type cotton ALS, but the enzyme from tobacco, Kochia, and Stellaria was inhibited only by Leu (Table I) . None of the enzymes showed significant feedback inhibition by Ile at 2 mm (data not shown). In comparison, all mutant enzymes showed varying degrees of resistance to feedback inhibition by Val and/or Leu (Table I) . ALS from DO-2 showed a very low level of resistance to inhibition by the end products. In contrast, PS-3 cotton and SK-53 tobacco enzymes were highly resistant, and the remaining mutant ALS showed moderate resistance to inhibition by the branched chain amino acids (Table I) . A PS-3 culture was also shown earlier to accumulate higher levels of Val, Leu, and Ile compared with wild-type cotton (21) . The differences in the sensitivity of ALS from resistant lines to Val and/or Leu (Table  I) ALS inhibition by the branched chain amino acids (data not shown) and the herbicides. All of these compounds are linear mixed-type inhibitors with respect to both pyruvate and TPP. The relationship between the herbicides and Leu (and Val) was further examined by dual inhibition analyses ofwild-type cotton ALS. The three inhibitors, TP ( Fig. 2A) , thifensulfuron (Fig. 2B) , and imazethapyr (Fig. 2C) , were varied at different fixed levels of Leu, under saturating substrate concentration. In all three cases, the kinetic pattern of inhibition best fit a family of parallel lines (Fig. 2) 
